Exploratory activity was examined in 4 young baboons with the aim of investigating the type of spatial coding (purely geometric and/or by taking into account the identity of the object) used for the configuration of objects. Animals were individually tested in an outdoor enclosure for their exploratory reactions (contact time and order of spontaneous visits) to changes brought about to a configuration of different objects. Two kinds of spatial changes were made: a modification (1) of the shape of the configuration (by displacement of one object) and (2) of the spatial arrangement without changing the initial shape (exchanging the location of two objects). In the second experiment, the effect of a spatial modification of the global geometry constituted by four identical objects was investigated. Finally, in the third experiment, a substitution of a familiar object with a novel one was performed without changing the objects' configuration. The baboons strongly reacted to geometrical modifications of the configuration. In contrast, they were less sensitive to modifications of local features that did not affect the initial spatial configuration. Analyses of spontaneous exploratory activities revealed two types of exploratory strategies (cyclic and back-and-forth). These data are discussed in relation to (1) the distinction between the encoding of geometric versus local spatial features and (2) the spatial function of exploratory activity.
Reaction to spatial novelty and exploratory strategies in baboons S. GOUTEUX, J. VAUCLAIR, and C. THINUS-BLANC Centre National de la Recherche Scientifique, Marseille, France Exploratory activity was examined in 4 young baboons with the aim of investigating the type of spatial coding (purely geometric and/or by taking into account the identity of the object) used for the configuration of objects. Animals were individually tested in an outdoor enclosure for their exploratory reactions (contact time and order of spontaneous visits) to changes brought about to a configuration of different objects. Two kinds of spatial changes were made: a modification (1) of the shape of the configuration (by displacement of one object) and (2) of the spatial arrangement without changing the initial shape (exchanging the location of two objects). In the second experiment, the effect of a spatial modification of the global geometry constituted by four identical objects was investigated. Finally, in the third experiment, a substitution of a familiar object with a novel one was performed without changing the objects' configuration. The baboons strongly reacted to geometrical modifications of the configuration. In contrast, they were less sensitive to modifications of local features that did not affect the initial spatial configuration. Analyses of spontaneous exploratory activities revealed two types of exploratory strategies (cyclic and back-and-forth). These data are discussed in relation to (1) the distinction between the encoding of geometric versus local spatial features and (2) the spatial function of exploratory activity.
Reaction to novelty is a behavior frequently observed i n many mammalian species when they are confronted with a change in their physical environment. For example, a new object added to a series of familiar objects is selectively explored in preference to the familiar objects. Such effects, called reactions to change, have been observed in rats (Berlyne, 1960) , gerbils (Cheal, 1978) , marmosets (Menzel & Menzel, 1979) , and baboons (Joubert & Vauclair, 1986) . Furthermore, mammals are also able to detect a specific change of location of one or more familiar objects that have been set up in an open field. These reactions to spatial novelty have been found i n rats (Corman & Shafer, 1968) , gerbils (Cheal, 1978) , and hamsters (Poucet, Chapuis, Durup, & Thinus-Blanc, 1 986; Thinus-Blanc et al., 1987) . Animals reacted to the spatial modification by a renewal of investigatory responses specifically directed toward the displaced or the new object(s). If the modification does not induce an increase of the exploratory activity, it may be concluded that the feature of the situation that has been affected by the modification has not been encoded in the representa-This research was supported by the Centre National de la Recherche Scientifique and by the Ministère de l'Education Nationale, de l'Enseignement Supérieure et de la Recherche . The authors thank P. Lucciani and all the staff of the Primatology Unit in Rousset (France). In addition, we thank E. Damerose, G. Ferreira, M. Steadt, and P A. Stis for comments, suggestions, and assistance with the experiments and for useful comments on an earlier version of this manuscript. Correspondence should be addressed to S. Gouteux, Center for Research in Cognitive Neurosciences, National Center for Scientific Research (CNRS), 31 Chemin Joseph Aiguier, 13402 Marseille Cedex 20, France ( e-mail: vauclair@up.univ-aix.fr.fr).
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tion of the animal, or that the change has not been noticed by the animal.
In the realm of spatial cognition, comparisons of renewed exploratory reactions directed toward displaced and nondisplaced objects provide further insight about the spatial information that is (or is not) encoded in the internal representation of the animal. Reaction to spatial change is taken as reflecting the fact that the animal has built some internal representation or a "cognitive map" (Tolman, 1948) of the familiar spatial situation that is later compared with the unfamiliar situation during the test. Thus, the study of spatial exploration of a configuration of objects may help to better understand the elements that constitute spatial representations, and especially the type of relationships that the objects establish among these elements, and that are stored in memory.
Other approaches have also been used to investigate spatial representations and cognitive mapping in animals. For example, Tinklepaugh (1932) used a delayed-reaction task with monkeys. The task required the animals to discriminate between two cups located in different locations, one of which had previously been baited with food. Tinklepaugh found that monkeys were very accurate in this task, but that the accuracy declined when the task was made more complex by increasing the number of cup pairs. Similarly, Menzel (1973) found that chimpanzees that had seen food hidden in 18 locations were more accurate in retrieving that food than were control animals that had not seen the baited sites. Moreover, according to Menzel, the chimpanzees tended to use a "least-distance" strategy to minimize the total distance traveled to retrieve the hidden food. More recently, Cramer and Gallistel Copyright 1999 Psychonomic Society, Inc. (1997) came to the same conclusion in a study with vervet monkeys. In their study, the monkeys were carried around a square enclosure to watch where food rewards were hidden. Like Menzel's chimpanzees, the vervet monkeys tended to minimize the distance traveled by ignoring the order of baiting. Furthermore, Cramer and Gallistel found that the choice of the next destination (a baited site) was determined by at least two subsequent destinations.
Other nonhuman primates have been tested in similar tasks. For example, MacDonald (1994) , MacDonald and Wilkie (1990), and MacDonald, Pang, and Gibeault (1994) demonstrated that during foraging behavior in a delayed food recovery task in which several sites had been baited, gorillas, yellow-nosed monkeys, and marmosets minimized the total distance traveled between sites. They may have used a least-distance strategy to perform the task. The same interpretation has been proposed by De Lillo, Visalberghi, and Aversano (1997) in a study with capuchin monkeys. The authors showed that the food-searching strategies of capuchin monkeys in an apparatus featuring a set of baited containers were structured in a such a way as to reduce not only running distance but also the memory demands of the task.
Thus, from previous works in nonhuman primates, it can be concluded that apes and monkeys possess a spatial memory and cognitive capacities that allow them to optimize their food-searching behavior. To our knowledge, no study has tested the reactions of nonhuman primates to changes in the spatial arrangement of a set of familiar objects. Even when other methods are used, little is known about the spatial characteristics encoded in the spatial representations of nonhuman primates compared with what is known from studies conducted with rodents or birds in the same domain (see, e.g., Brodbeck, 1994) . Furthermore, unlike human studies, no investigation has been conducted so far with the specific aim of detecting and analyzing locomotor regularities during spatial exploration in nonhuman primates. For example, in humans, Gaunet and Thinus-Blanc (1996) have demonstrated the existence of two main patterns of exploration during a free exploration of four objects located in a room (the locomotor space): "cyclic patterns," which involve consecutive visits to all of the objects, and "back-andforth" patterns, which include several consecutive visits to the same objects of a pair. According to the authors and to Neisser's (1976) theory, those exploration strategies might reflect some preexisting schemata that control the organization of information gathering. Thus, the study of patterns of exploration in nonhuman primates may help to better understand the mechanisms involved in the construction and use of spatial representations.
By using the two aforementioned methods (reaction to spatial change and investigation of locomotor regularities), our first objective was to analyze the spatial characteristics of an object's configuration encoded by baboons. Our second objective was to study the exploration patterns (if any) displayed by the baboons in order to detect possible locomotor strategies during exploration. To meet both objectives, we analyzed in three experiments the exploratory behavior of 4 nonhuman primates (baboons) confronted with spatial modifications of an object's configuration. In the first experiment, we investigated the effects of changes in the geometry of the configuration composed of four different objects. The objects were not directly perceptible, but hidden in identical boxes. Two different spatial changes were made: a modification of the shape of the configuration (displacement of one object) and a modification of the spatial arrangement without changing the initial shape (permutation of two objects). In the second experiment, a spatial modification of the global geometry, constituted by four identical objects, was investigated. Finally, in the third experiment, we observed the baboon's behavior when these animals were confronted with a nongeometrical modification of the configuration of objects (substitution of a familiar object by a novel_ one).
EXPERIMENT 1 Method Animals. Four experimentally naive sub-adult baboons (Papio anubis) living in a social group were individually studied. The group comprised 3 males (Idefix, Ignace, and Jason) and 1 female (Jade). All animals were about 3.5 years of age at the beginning of the experiment. All baboons were born in captivity at the Primatology Unit of the CNRS in Rousset (France). They were housed together in the enclosure described below 1 year before the beginning of the experiment. They received food pellets and vegetables in their enclosure once a day in the morning.
Apparatus. The enclosure consisted of two parts: an indoor enclosure and an outdoor enclosure. The outdoor part was used as the test environment and had a total area of 24.75 m2. A tunnel connected the outdoor enclosure to the indoor enclosure (a concrete building of 6.75 m2). During the test period, animals were not permitted to move freely from one area to the other. The test environment contained a configuration of four objects ( Figure 1) : Object A was a tennis ball, Object B was a brown rectangular metal tube (10 X 5 cm), Object C was a blue Plexiglas disk (10 cm in diameter), and Object D was a red plastic pipe (10 X 5 cm). These objects were placed in four opaque identical boxes (15 X 25 cm) so that the animal could not identify the objects at distance. Once respective position of each object and its box was chosen, they were left in the same position for the entire duration of Experiment I (except during the test phase).
The boxes were attached to three of the four walls of the test environment at least I m from each other so as to prevent animals from exploring them in a systematic way.
Data Collection and Analysis. The data collected from each session were the number and duration of contacts with each object. A contact was defined as the animal's hand or mouth actually touchi ng an object (a contact with only the containing box did not count). A silent stopwatch was used to measure contact duration. A camera was placed 10 m from the experimental environment, and each session was recorded to later verify contact duration measurements made during the experiments and to analyze exploratory patterns.
The following variables were recorded: (1) the total number of objects visited, which provides an index of the global level of exploratory activity, and (2) the number of visits to the four different objects, in order to ascertain that none of them raised a particular (ACBDA) and to a back-and-forth (ADAD) pattern. For each anii nterest that might have biased the reaction-to-change detection. mal, the total number of objects included in the whole sequence and Given that the analyses conducted on the number and duration of i n the sequences corresponding to the above-defined exploratory contacts yielded comparable results, only the results concerning du-patterns was computed. For instance, if three back-and-forth patterns ration will be presented here.
i ncluding four visits, and two cyclic patterns including five visits Because one of the aims of this experiment was to investigate were recorded, then the total number of visited places was (3 X 4) whether systematic patterns of exploration would be displayed by + (2 X 5) = 24 with 3 X 4 = 12 for back-and-forth and 2 X 5 = 10 the animals, the sequences of visits to the places during each ex-for cyclic patterns. ploratory session were analyzed with a computer program. For that Procedure. The basic procedure was the same for all animals purpose, one letter was assigned to each object so that sequences of and for all the experiments. Baboons were tested individually. A l etters corresponded to sequences of visits to objects. The program preexperimental phase of 2 months was first conducted to familwas designed to isolate and record several types of patterns that iarize the animals with isolation and with the presence of new objects have been found previously in humans (Gaunet & Thinus-Blanc, i n their familiar environment. Each animal was thus isolated daily 1 996). The maximum tolerated overlap between the two categories i n the outside enclosure for 1 h, and then fed. Progressively, after of exploratory patterns corresponds to one place. For example, in feeding, some boxes were randomly attached to the walls and some the sequence of visits to the places ACBDADAD, the second visit objects were added in the external zone. Baboons had the opportuto A (underlined) was considered as belonging both to a cyclic nity to manipulate these objects for 10 min. The objects, but not the boxes, were all different from those used in the experiments. Duri ng the preexperimental phase, animals also learned to exit from the indoor enclosure and to run into the center of the outdoor enclosure where a reward (food pellets) was to be found. Thus, the start position of the animals was controlled.
Each experiment was divided into three phases: a habituation phase, a test phase, and a control phase. During those three phases, sessions were conducted each day from 10 a.m. to 3 p.m. The habituation phase (Days 1 and 2) allowed the animal to become familiar with the initial spatial configuration made by the four objects. In this phase, the animal was introduced into the experimental enclosure and could freely explore the configuration for 10 min (Session 1). Then the baboon was taken back into the indoor enclosure for 1 h before starting another 10-min exploration of the configuration (Session 2).
The test phase (Days 3 and 4) was aimed at examining the animal's reaction toward a new spatial configuration of the same objects. Two manipulations were performed: On Day 3 (Test 1), a permutation of Objects A and D was performed without changing the shape of the initial configuration. On Day 4 (Test 2), Object D only was displaced (to the new location, as indicated in Figure 1 ) to induce a modification of the shape of the initial configuration. The exploration time was the same for Tests 1 and 2, as during the habituation phase (10 min). The order in which the animals were tested was randomly chosen for Tests 1 and 2. Before each test session, one 10-min control session was performed with the initial configuration. This control of the habituation level was conducted I h before the beginning of the test.
A control phase was conducted in order to determine whether the different tests had interfered with the representation of the initial configuration. Thus, on Day 5, baboons were confronted with the initial configuration during two sessions of 10 min each, separated from each other by a period of 1 h.
Results
Preliminary comment. Given the limited number of the tested subjects (N = 4) and of behavioral observations, the use of statistical tests (parametrical or nonparametrical) was judged as inadequate. However, for habituation, we set an arbitrary criterion: A measure during the habituation phase was considered to be meaningful at the group level, and not randomly determined if all animals reacted in the same way. In addition, and as indication, a paired t test was calculated in the first and last sessions of the habituation phase. For the analysis of the data during the test sessions, we set a second criteria: If there was a ratio of 3:1 between duration of contact ti mes for nondisplaced and displaced objects, the result was considered meaningful.
Habituation. During the habituation phase, the mean duration (in seconds) of contacts per object and per session for all the animals decreased from 23.13 sec (SD = 11.02 sec; Day 1, Session 1, hereafter denoted as D1-S1) to 2.31 (SD = 2.14 sec) at the end of the habituation phase [D2-S2; paired t test, t(15) = 6.27, p < .001]. Furthermore, the mean duration of contacts per object was always longer for the first session (D 1-S 1: 23.13, SD = 11.02 sec; D2-S 1: 9.69, SD = 5.15 sec) than for the second (D 1-S2: 8.81, SD = 5.19 sec; D2-S2: 2.31, SD = 2.14 sec).
Test 1 (exchange of Objects A and D). The mean duration of contact per object was 5.81 (SD = 3.91 sec). This result was close to the mean duration of contact ob-32 6 GOUTEUX, VAUCLAIR, AND THINUS -BLANC tained in the habituation-control session-that is, the first session of Day 3 (D3 -S 1: 5.19, SD = 3.21 sec). Test 2 (displacement of Object D). The mean duration of contact for the nondisplaced objects was 6.67 (SD = 4.89 sec), while it was 79.00 (SD = 26.00 sec) for the displaced object. Thus, the mean contact time with the displaced objects represents 12.3 times the mean contact time with the nondisplaced objects.
Control. The mean durations of contacts per object for Sessions D5-S 1 and D5-S2 were, respectively, 4.19 (SD = 2.73 sec) and 4.63 (SD = 5.27 sec). Individual results are presented in Table 1 .
Discussion
Apparatus. The apparatus was identical to that used in Experi-During the habituation phase, the decrease of the du-ment 1. The objects chosen were four identical orange plastic pipes ration of contacts indicates that the baboons got progres-(11 x 4 cm). sively familiarized with the initial situation. Test 1 (ob-Procedure. The basic procedure of Experiment 2 was the same jests permutation, without changing the shape of the as in the previous experiment except that during the test phase (Day 3), one box (Box B) was displaced to a new location that modinitial configuration) did not induce a selective reexp]oified the geometry of the configuration. The positions of the four obration of the permuted objects. In contrast, during Test 2 jects, randomly chosen, were all different from those in Experiment 1, (modification of the initial shape by the displacement of thus forming a new geometrical configuration (Figure 2) . Experian object), a selective reexploration directed toward the ment 2 was conducted 2 months after completion of Experiment 1 in displaced object only was observed. Results of the control order to reduce, as much as possible, interexperiment interference. phase indicate that testing conditions did not affect the recollection of the initial configuration by the baboons. Results
The massive reexploration of the displaced object dur-Habituation. As in the previous experiment, the mean ing Test 2 indicates that the baboons reacted strongly to duration (in seconds) of contacts per object and per sesthe configuration made by the four boxes. Thus, in that sion for all the animals decreased from 26.81 (SD = experiment, novelty detection appears to have been 4.59 sec) at D1-S1 to 3.81 [SD = 2.16 sec; t(15) = 14.5, bounded to the shape of the configuration made by the p < .001 ] at the end of the habituation session. Furtherfour boxes-that is, by the geometrical aspect of the con-more, the mean duration of contacts per object was always figuration. The local aspect (the position of the object higher for the first session (D1-S1: 26.81, SD = 4.59 sec; enclosed in the boxes) does not seem to be a crucial D2-S1: 7.88, SD = 2.89 sec) than for the second (D1-S2: component of this spatial coding. To test this hypothesis, 13.44, SD = 3.74 sec; D2-S2: 3.81, SD = 2.38 sec). we suppressed, in the second experiment, the variations Test 1 (one object displaced). The mean duration of of these local characteristics by making the contents of contact per object was 4.06 (SD = 2.95 sec). That result the different boxes uniform. was similar to the mean duration of contact observed at the end of the habituation phase (D3-S 1: 6.00, SD = 2.38 sec).
EXPERIMENT 2
Control. The mean durations of contacts per object for D4-S 1 and D4-S2 were, respectively, 2.44 (SD = The purpose of this experiment was to determine the 1.30 sec) and 2.81 (SD = 2.41 sec). Individual data are effects of a spatial modification of an arrangement made shown in Table 2 . by four identical boxes, each containing an identical object. In this experimental setup, the modification uniquely Discussion affected the geometry of the global arrangement.
As in the previous experiment, habituation to the initial configuration was present since a decrease of contact du Method ration was observed during that period. Moreover, the spa-Animals. The animals were the same 4 baboons (Papio anubis) tial modification did not induce a renewal of exploration as in Experiment 1. directed toward the displaced object. The results of the control phase indicate that testing conditions did not affect the recollection of the initial configuration by the baboons.
It seems that the spatial change brought about in this experiment was not detected by the animals during the test phase. The local aspect-that is, the object's characteristics-needs to be specified without ambiguity in the spatial representation in order to induce a renewed investigatory response when baboons are confronted with a geometrical modification. To attempt to explain the specific role of the object's characteristics in the reaction-tospatial-change task, we examined, in the next experiment, the impact on the selective reexploration of a local modification without changing the geometrical characteristics of the initial configuration.
EXPERIMENT 3
The purpose of this experiment was to examine the effect of a substitution of a familiar object with a new one (local modification) without changing the shape of the configuration made by the four objects.
Method
Animals. The animals were the same 4 baboons (Papio anubis) as in Experiments 1 and 2.
Apparatus. The apparatus was identical to that used in Experiment 1. The objects chosen were a white wooden board (Object F; 8 X 8 cm), a piece of metal (Object G; 11 X 9 cm), a blue cup (Object H; diameter 10 cm), and a green plastic pyramid (Object I; 10 X 7 cm). All the objects' positions, randomly chosen, were different from those of the previous experiments with respect to their geometric configuration.
Procedure. The basic procedure of Experiment 3 was the same as in the previous experiments. During the test phase (Day 3), Object H was replaced by a new object, a flower vase (Object K; 12 X 7 cm) without changing the spatial configuration of the initial pattern (Figure 3) . Experiment 3 was conducted 2 months after the end of Experiment 2 in order to reduce interexperiment interference as much as possible.
Results
Habituation. As in the previous experiment, the mean duration (in seconds) of contacts per object and per session for all the animals decreased from 26.19 (SD = 5.84 sec) in D1-S1 to 3.88 [SD = 2.61 sec; t(15) = 8.74, p < .001] at the end of the habituation session. Furthermore, the mean duration of contacts per object was still longer for the first session (D 1-S 1: 26.19, SD = 5.84 sec; D2-S 1: 9.19, SD = 4.14 sec) than for the second (D 1-S2: 11.06, SD = 5.07 sec; D2-S2: 3.88, SD = 2.61 sec).
Test (one object changed). The mean duration of contacts for the new object was 5.8 times longer (25.75, SD = 8.63 sec) than that for the other objects (4.42, SD = 2.39 sec).
Control. The mean duration of contacts per object for D4-S 1 (15.38, SD = 3.30 sec) was closer to the duration observed at the beginning of the habituation phase (D 1-S 1: 26.19, SD = 5.84 sec) than to the contact time observed at the end of habituation phase (D2-S2: 3.88, SD = 2.61 sec). However, the mean contact time during the last session of the control phase (D4-S2: 3.25, SD = 3.03 sec) rapidly reached the level of the end of the habituation phase (D2-S2: 3.88, SD = 2.61 sec). Individual data are presented in Table 3 .
Discussion
As in the previous experiments, a habituation to the initial configuration was present at the end of the habituation phase. The object substitution during the test phase induced a strong exploration specifically directed toward the new object. Moreover, the test sessions seem to have disturbed the recollection of the initial configuration because a renewal of exploration generalized to all objects was observed during the control phase (D4-S1).
This finding underlines the importance of a local modification on the spatial encoding performed by the baboons. If the animals reacted to a local modification, it can be reasonably concluded that the local characteristics of the initial configuration (i.e., the intrinsic character- different objects (Objects F, G, H, and I) 
. During the test phase, one object (H) was replaced by a new one.
istics of each object and its position in the configuration) the use of the cyclic strategy (33% of visited sites). Conare encoded in the spatial representation of the baboons. versely, during Experiments 2 and 3, the cyclic strategy was the most frequently used. We observed 52% of vis EXPLORATORY STRATEGIES its using the cyclic strategy, and 39% using the back-andforth strategy during Experiment 2. For Experiment 3, For each experiment, for all sessions (except for test we noted 51 % of cyclic strategy use and 17% of backsessions) and for each animal, the mean number of vis-and-forth strategy use. its to the different locations was computed. These data were subjected to a X2 one-sample test by which we com-Discussion pared a theoretical distribution of equal frequencies of Our 4 baboons explored several object configurations visits to the observed distribution. For each animal, the by using two main locomotor patterns (cyclic and back-X2 value never reached a statistically significant level (at and-forth). Since the animal exploration was not reina = .05). Thus, we can conclude that all places were forced and without any initial learning, we assume that equally explored by all of the animals.
the cyclic and the back-and-forth strategies reflect a spon-The total number of visits included in cyclic and back-taneous way to become familiar with the spatial characand-forth patterns was divided by the total number of teristics of the environment. The importance and evolution places visited to provide the frequency of visits involved of these two strategies during our experiments will be in each category (Figure 4 ). It appears that 78% of the explored in the general discussion. visits during Experiments 1-3 were made using either the cyclic or the back-and-forth strategy (Experiment 1, GENERAL DISCUSSION 74%; Experiment 2, 91%; and Experiment 3, 68%). A simulation of 10,000 randomly chosen visits to the four Detection of Novelty and Spatial Coding different locations indicated that 20% of the visits fea-This study was aimed at providing some information tured the cyclic strategy and 15% featured the back-and-about the spatial cognitive processes employed by baforth strategy. Results of the exploratory strategies of boons to detect and appropriately react to a change in ob-Experiments 1-3 were subjected to a X2 one-sample test by ject configuration. In Experiment 1, we examined whether which we compared the theoretical frequency of both the modification of the shape of the initial configuration strategies to the observed distribution. The results al-induced a renewal of exploration directed toward a disways reach statistical significance Q2 < .001). Thus, the placed object. In Experiment 2, we tested the effect of a pattern of exploration observed during Experiments 1-3 spatial modification of an arrangement made by four idencannot be attributed to chance.
tical boxes, each one containing an identical object. Fi-More precisely, in Experiment 1, the use of the backnally, in Experiment 3, we examined the effect of a local and-forth strategy (41% of visited sites) was higher than modification without changing the geometry of the arrangement. The results of each of these three experiments will be examined in the following section.
The results of Experiment 1 (Test 2) show that baboons are sensitive to a spatial modification of the geometry of an object arrangement. In contrast, animals are less sensitive to a modification that does not affect the shape of the configuration unless the object is novel. It appears that baboons encode the geometrical aspect of the environment only because they do not react to a change that preserves the geometry of the situation. However, the results of Experiment 2 suggest that the geometrical encoding requires that the various elements that define the geometry of the explored space are not identical and that each of them specifies a location. Experiment 3 confirmed that the local aspect of the configuration-that is, the intrinsic characteristics of each object of the configurationis important for the encoding of the whole configuration. This is demonstrated by the finding that a substitution of a familiar object by a new one can be detected without i nducing a renewal of exploration generalized to the whole configuration. However, because a renewal of exploration generalized to all objects was observed during the control phase, substitution seems to have disturbed the recollection of the initial configuration. Thus, it appears that a local change to an object arrangement brings about an updating of the initial spatial representation. Nevertheless, the fact that baboons did not react to spatial changes (Experiment 1, Test 1, and Experiment 2) is not an absolute indication of an absence of coding of the characteristics affected by the change. A "nonreaction" to a spatial change can mean either a lack of detection or a detection that does not lead to an overt behavior.
These results indicate that baboons detect and react to spatial modifications of an arrangement of objects. This suggests that an internal model or a cognitive map of the initial situation is built during exploration. This stored internal representation would be systematically compared with a modified presentation of the situation. If the perceived situation differs from the stored model, the animals are likely to notice the modification and to react appropriately so as to update their internal representation. This conclusion is in agreement with previous findings obtained with baboons (Joubert & Vauclair, 1986) , marmosets (Menzel & Menzel, 1979) , and chimpanzees (Menzel, 1978) . Nonhuman primates display the ability to become acquainted with the nature and the relative position of objects in their familiar environment. In addition, they demonstrate an excellent ability to rapidly react to new objects among a set of familiar objects.
Our experimental configurations can be defined with respect to two main spatial components: the geometrical aspect of the configuration (global aspect), and the intrinsic features of each site of the configuration (local aspects). Only the geometry of the arrangement can be perceived at distance. The two spatial characteristics (global and local) seem to be encoded in an internal model of the initial situation. Similar to Cheng and Gallistel's (1984) and Cheng's (1986 Cheng's ( , 1987 rats, our baboons primarily used, while orienting in space, "a purely geometric module," namely a representation that predominantly encodes the geometrical shape of the environment. According to these authors, this single modular treatment of spatial information does not specify the location of the local characteristics of the environment. The environmental features are encoded in other modules that are specifically bound to the geometrical module via "address labels." Each local characteristic of the environment is encoded with an address label specifying a position in the geometrical module and, conversely, the locations in the geometrical module might also carry labels specifying what local characteristics are found at those addresses. Presence of a geometric module has also been described in birds (Vallortigara, Zanforlin, & Pasti, 1990) and in human infants (Hermer & Spelke, 1994 . Thus, it seems that the capacity to encode and process the geometric characteristics of the environment are present not only throughout the animal phylogeny but also early in the cognitive development of animals. Furthermore, our experiments provide some evidence that baboons are also able to react to featural modifications of an object configuration, if all the objects are different. When the objects were identical, no renewal of exploration was observed when animals were confronted with a geometrical modification (Experiment 2). This suggests that featural information is taken into account in the elaboration of the geometrical module hypothesized by Cheng (1986) . An alternative interpretation is that a general process of habituation may have taken place from Experiment 1 to Experiment 2, precluding reaction to novelty. However, given that (1) the habituation level at the beginning of the exploratory phase was similar in Experiment 2 (and Experiment 3) compared with Experiment 1, (2) the rates of habituation were comparable across the exploratory sessions within each experiment, and (3) each experiment was separated by a 2-month period, we can reasonably assume that interexperiment habituation cannot explain the subjects' lack of reaction in Experiment 2.
Exploratory Strategies
Two kinds of locomotor regularities were observed in our baboons during the exploration of the configuration of four objects: a cyclic pattern and a back-and-forth pattern. These patterns represented 78% of the visits to the different sites during the three experiments (74% in Experiment 1, 91% in Experiment 2, and 68% in Experiment 3). The remaining 22% involved nonordinate visits to the different places (e.g., many visits to the same place) and were mainly observed toward the end of the habituation phase and in the control phase. Thus, the cyclic and the back-and-forth strategies were the pre-dominant means for processing unfamiliar spatial information. Spatial representations, according to Neisser's (1976) theory, "direct" perceptual exploration, which, in turn, modifies initial representations. The strategies observed during that exploration should thus reflect some preexisting organizing schemata that are dependent on the characteristics of the situation to be encoded (see Thinus-Blanc & Gaunet, 1998) .
From the data obtained on humans (Gaunet & Thinus-Blanc, 1996) , we hypothesize that the cyclic strategy observed in our baboons might be taken as corresponding to the learning of the overall configuration of locations, whereas the back-and-forth pattern would correspond to a precise estimation of distance and angle relationships between the various objects of the configuration. That hypothesis would explain why we observed a decrease in the use of the back-and-forth strategy and an increase of the cyclic strategy from Experiment 1 to Experiment 3. Animals may have adapted their exploratory behavior during the tests so as to progressively optimize their behavior by taking into account, during exploration, the geometry of the configuration. Thus, baboons, like capuchin monkeys (De Lillo,Visalberghi, & Aversano, 1996 seem to regulate and structure their spatial behavior during exploration.
Another hypothesis might explain the changes in the use of the exploration strategies in our experiments. According to Menzel (1973) and Cramer and Gallistel (1997) , primates are able to optimize their exploratory trajectories in order to minimize the distance traveled when they are confronted with baited sites. In the present experi-ments, even if the animals were not reinforced during exploration, it seems that they learned to use the most "economical" strategy to explore the whole configuration. Our baboons progressively used the cyclic strategy presumably because it reduces the total distance traveled to visit all the sites of the experimental situation. For example, if we consider a rectangular enclosure of 20 m2 (5 x 4 m) with four objects (A, B, C, and D), one in each corner, then the use of a cyclic strategy (ABCDA) will lead to a total distance of 18 m to visit all the sites, whereas the use of a back-and-forth strategy (ABACADA) will lead to a total distance traveled of about 24.4 m. Thus, spatial exploration may be under the control of mechanisms aimed at optimizing not only the energy cost, but also the cognitive cost of exploration.
In conclusion, the present findings suggest that the baboons encode the two main spatial characteristics of the configuration of objects with which they are confronted: the global geometry and the local characteristics (nature and position of each object). Furthermore, the geometric and the local aspects of the configuration appear to be hierarchically organized in the baboon's spatial representation. In effect, the monkeys appear to be more sensitive to geometric modifications than to local modifications (without change in the shape of the configuration). According to O' Keefe and Nadel's (1978) theory, exploration owing to locomotion allows organisms to build spatial representations of their environment. It can be added that exploration is not random but rather is under the control of mechanisms that direct the acquisition of the characteristics defining space. Thus, the cognitive processes involved in the elaboration and use of spatial representations appear to be highly structured. Baboons must take into account the acquisition of spatial information (exploration by way of exploratory strategies) for the elaboration of an internal representation (cognitive mapping). All those processes might be devoted to one main objective: the optimization of exploratory trajectories (e.g., the traveling salesman problem). Thus, study of the factors that account for a particular exploratory strategy will likely contribute to a better understanding of the mechanisms involved in spatial cognition.
